Syntheses:
All chemicals were purchased from Sigma-Aldrich.
The photolabile molecule was prepared based on the synthetic protocols of similar molecules in the literature (supporting references 1-3).
ethyl 4-(4-(1-hydroxyethyl)-2-methoxy-5-nitrophenoxy)butanoic acid (5)
In an Ar-purged flask with stir bar, acetovanillone and ethyl 4-bromobutyrate were dissolved in dimethyl formamide, and excess potassium carbonate was added. The reaction mixture was stirred overnight, precipitated in water, and filtered. The alkylated powder product (2) was subsequently nitrated with nitric acid at 0⁰C for 1 h and at room temperature for 1 h, carefully monitoring the temperature (≤30⁰C). The product was precipitated in water, filtered, recrystallized from ethanol, and dried under vacuum overnight. The nitrated powder product (3) in ethanol was reduced with excess sodium borohydride at 38⁰C. The reaction was stirred overnight, precipitated in water, filtered, and dried under vacuum. The alcohol powder product (4) was finely ground and reacted with aqueous trifluoroacetic acid (TFA) at 90⁰C overnight. Additional TFA was added until reaction completion was verified by thin layer chromatography (10:1, methylene chloride: acetone). The reaction mixture was cooled, filtered, and dried under vacuum overnight. The product was purified by chromatography (10:1, methylene chloride: methanol). 1 
4-(4-(1-(dodecanoyloxy)ethyl)-2-methoxy-5-nitrophenoxy)butanoic acid (6)
The photolabile precursor 5 (0.01 mol) was suspended in anhydrous DCM (1.4 mol) and stirred in a flask purged with Ar. TEA (0.03 mol) was added, and Lauroyl chloride (0.025 mol) in anhydrous DCM (0.3 mol) was added dropwise at 0⁰C. The reaction was stirred at room temperature overnight and subsequently washed with sodium bicarbonate (5 w/v % aq.), dilute hydrochloric acid (1 v/v % aq.), and DI water. The product was purified by flash chromatography (10:1, methylene chloride: acetone). 1 
1-(4-(1-(aminooxy)-13-oxo-3,6,9-trioxa-12-azahexadecan-16-yloxy)-5-methoxy-2-nitr ophenyl)ethyl dodecanoate (1)
To a DMF solution of N-Hydroxysuccinimide (NHS) (0.005mol) and 6 (0.002mol), A DMF solution of DCC (0.005mol), was added dropwise at 0⁰C. The mixture was stirred overnight, vacuumed, dissolved with DCM, filtered, purified by chromatography (10:1, methylene chloride: acetone). The product was then added to the DCM solution of 11 (0.02mol). The mixture was stirred at room temperature overnight, and subsequently filtered, purified by flash chromatography (10:1, methylene chloride: methanol). 1 
2-(2-(2-(2-hydroxyethoxy)ethoxy)ethoxy)ethyl 4-methylbenzenesulfonate (7)
In an Ar-purged flask with stir bar, tetra(ethylene glycol) (77 mmol) and triethylamine (TEA) (90 mmol) were dissolved in anhydrous THF (50 ml), and then a THF solution of 4-toluenesulfonyl chloride (26 mmol) was added dropwise over 30 min. The reaction mixture was stirred at room temperature overnight, filtered, dried under vacuum, and purified by column chromatography. 1 
2-(2-(2-(2-(2-hydroxyethoxy)ethoxy)ethoxy)ethoxy)isoindoline-1,3-dione (8)
To a mixture of N-hydroxyphthalimide (60 mmol) and sodium bicarbonate (60 mmol) in DMF (30 ml), 7 (19 mmol) was added. The reaction mixture was kept at 80⁰C and stirred overnight. The mixture was filtered and washed with DCM, dried under high vacuum, and purified by column chromatography. 1 
2-(2-(2-(2-(1,3-dioxoisoindolin-2-yloxy)ethoxy)ethoxy)ethoxy)ethyl 4-methylbenzenesulfonate (9)
In an Ar-purged flask with stir bar, 8 (15 mmol) and triethylamine (TEA) (15 mmol) were dissolved in anhydrous THF (20 ml), and 4-toluenesulfonyl chloride (30 mmol) was added. The reaction mixture was stirred at room temperature overnight, filtered, and dried under vacuum. The crude product was dissolved in ethyl acetate and extracted with saturated NH 4 Cl, brine, evaporated under vacuum, and purified by column chromatography. 1 
2-(2-(2-(2-(2-(1,3-dioxoisoindolin-2-yl)ethoxy)ethoxy)ethoxy)ethoxy)isoindoline-1,3-d ione (10)
To a mixture of potassium phthalimide (30 mmol) and sodium bicarbonate (30 mmol) in DMF (20 ml), 9 (11 mmol) was added. The reaction mixture was kept at 80⁰C and stirred overnight. The mixture was filtered and washed with DCM, extracted with saturated NH 4 Cl, brine, dried under vacuum, and purified by column chromatography. 1 
2-(2-(2-(2-(aminooxy)ethoxy)ethoxy)ethoxy)ethanamine (11)
To a solution of 10 (8 mmol) in DCM, excess hydrazine was added. The reaction was kept under room temperature and stirred over night. (5) and (6) to a total of 100,000 cells/ml results in large spheroids within 6 hours (thousands of cells assembled). Longer times result in precipitation of cells to form multi-layers on tissue culture substrates. (1). These cells were then tested for viability using trypan blue dye (0.4% in PBS, 2 min) for 1, 3 and 5 days and compared with a control (jurkat cells without liposome fusion treatment). Greater than 95% of cells were determined to be viable. For Spheroids, ketone and photo-oxyamine (1) tethered jurkat cells were mixed together in solution, resulting in 3D spheroid formation and were then tested for viability using trypan blue dye (0.4 % in PBS, 2 min). Trypan blue linescans of tailored jurkat cells were compared to a control population (jurkat cells without liposome treatment), fixed with formaldehyde, and stained with trypan blue under the same conditions. Greater than 95 % of cells were determined to be viable. Upon irradiation with uv light for 5 minutes the recovered jurkat cells (from disassembled spheroids) were tested for viability over 1, 3 and 5 days with trypan blue and found to be indistinguishable from control jurkat cells (no liposome treatment). showing the frontier area of the co-culture system. (F-K) Application of the multi-tissue co-culture system in stem cell differentiation. Co-culture system of hMSCs/fibroblasts were induced to adipocytes (F), fibroblasts (G), and osteocytes (H) via corresponding induction conditions. Adipocytes, fibroblasts, and osteoblasts were stained red, green, and blue, respectively. Images were taken by 20X phase contrast microscopy. Corresponding gene makers (LPL and PPARγ2 for adipocytes, Collagen I and Collagen II for fibroblasts, ALPL and RUNX2 for osteoblasts) were studied over two weeks.
(1-day 1, 2-two weeks) and are represented by the gels as shown in I, J, and K, respectively.
Methods:
RT-PCR analysis. Human mesenchymal stem cells (hMSCs) were induced to differentiation for 2 weeks. Total RNA was then extracted by RNA isolation kits (Qiagen). 1µg of total RNA was converted to cDNA using AMV reverse transcriptase and random hexamer primers (Promega) 
